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Background: Limited population-based data are available on trends in the incidence of 
arterial surgery, balloon angioplasty, and amputation for arterial occlusive disease of the 
legs over the past two decades. 
Methods: We identified all elective and emergency arterial operations, balloon angioplasty 
procedures, and amputations performed for all residents of a defined community, Olm- 
sted County, Minn., between 1973 and 1992. We focused on gender mix, type of 
procedure, and secular trends in utilization. 
Results: A total of 1155 procedures were performed, including 733 arterial surgical 
procedures, 59 balloon angioplasty procedures, and 363 amputations (288 major and 75 
minor). Emergency procedures were performed in 12%. Suprainguinal inflow procedures 
were the most common arterial reconstruction (60%) compared with infrainguinal 
procedures (40%). The incidence of all revascularization procedures increased in the first 
decade but reached aplateau after 1985. Utilization rates of revascularization procedures 
from 1988 to 1992 were higher for men (141.9/100,000 person-years [p-yr]) than 
women (57.4/100,000 p-yr.). Angioplasty (17.0/100,000 p-yr) rates lagged behind 
surgery until 1985, but tripled in the past 10 years and have not yet reached a plateau. 
Although minor amputation rates remain unchanged in 20 years, major amputation rates 
have been reduced by 50% from 36.7/100,000 p-yr between 1973 and 1977 to 19.0/ 
100,000 p-yr from 1988 to 1992. 
Conclusions: From this long-term population-based analysis (1973 to 1992), we conclude 
that increased vascular surgery and balloon angioplasty rates have coincided with a 
significant reduction in major amputation rates in the past 10 years. (J Vase Surg 1997; 
25:29-38.) 
One of the goals of revascularization procedures 
for the legs remains avoidance of  amputation for 
advanced ischemia. Although numerous referral 
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practices have reported improved limb salvage rates 
with various surgical procedures, few studies have 
examined geographically defined populations to as- 
certain whether this goal has been achieved. In fact, 
one large and highly publicized statewide study did 
not show a reduction in amputation with increasing 
use of surgery and angioplasty.1 
All studies of the impact of arterial surgery and 
balloon angioplasty on amputation confront several 
crucial problems. 2-2° First, some patients with ad- 
vanced ischemia, gangrene, or sepsis do not seek care 
until amputation is inevitable. They may never see a 
vascular surgeon but are referred immediately to an 
orthopedist for an amputation. Consequently, any 
vascular surgical practice reflects a referral bias. This 
bias is based on the likelihood that patients who are 
referred to a vascular surgeon generally have some 
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realistic hope of limb salvage if the limb is revascular- 
ized. s12 Second, patients who undergo a failed sur- 
gical revascularization attempt may not return to the 
original surgeon for subsequent amputation. This 
fact may inflate a surgeon's estimate of overall suc- 
cess. Third, the introduction of balloon angioplasty 
has introduced another treatment option that may 
replace or supplement the long-term revasculariza- 
tion patterns in any community (selection bias)Y 4,14 
Because these procedures are performed by radiolo- 
gists, surgeons, and cardiologists, tracking their im- 
pact and results can be problematic. 
To minimize these major problems of referral and 
selection bias and incomplete follow-up over a long 
period of time, we used the population-based medi- 
cal records of residents of Olmsted County, Minne- 
sota, to examine the incidence of arterial surgery, 
balloon angioplasty, and amputation for arterial oc- 
clusive disease of the legs in an entire community 
over the past 20 years. We selected 1973 to 1992 to 
include a period of time before and after the intro- 
duction of balloon angioplasty ( 1979 ) to ascertain its 
relatively recent impact on vascular intervention. 
METHODS 
Data base. This study was a population-based 
epidemiologic analysis performed in Olmsted 
County, Minn. In this community, virtually all med- 
ical care is delivered by health-care providers at the 
Mayo Clinic and its two affiliated hospitals, the Olm- 
sted Medical Group and its affiliated hospital, and 
occasionally the University of Minnesota and De- 
partment of Veterans Affairs Hospitals of Minneapo- 
lis. Consequently, records of all inpatient care and 
data on the vast majority of outpatient care were 
available for every resident of the community. The 
potential of this data-retrieval system for population- 
based studies has been described previously. 2°
This research program and the epidemiologic fac- 
tors of the impact of arterial surgery and balloon 
angioplasty on amputation (supported by Grants AR 
30582 and HL 24326 from the National Institutes 
of Health and by funds from the Mayo Foundation) 
were reviewed and approved by the Mayo Institu- 
tional Review Board. Using this database, we identi- 
fied all community residents who underwent any 
surgical procedures, balloon angioplasty procedures, 
or amputations for arterial occlusive disease of the 
legs between January 1, 1973, and December 31, 
1992. Once identified, the community medical 
records of potential cases were reviewed for clinical 
details, including demographics, everity of limb 
ischemia, and type of procedure(s). 
Patient demographics. Birthdate and date of 
the initial operation or angioplasty, vital status, date 
of last follow-up, and gender were recorded. 
Severity of lower-limb ischemia. The degree of 
lower-extremity schemia was categorized atthe time 
of the initial procedure. These categories were based 
on the standards of reporting published by the Jour- 
nal of Vascular Surgery. 21 
Type of procedure. All limb procedures were 
identified and the total number of procedures were 
calculated. In addition, each procedure was catego- 
rized as emergent (within 24 hours for acute or 
progressive ischemia) or elective. Six major proce- 
dural categories were used for analysis: (1) Suprain- 
guinal arterial operations (e.g. aortofemoral, aortoiliac, 
axillofemoral, etc.); (2) infrainguinal-supragenicular 
operations (e.g. above-knee femoropopliteal by- 
passes, profundaplasty, etc. ); (3) infragenicular oper- 
ations (e.g. below-knee femoropopliteal, tibial, and 
pedal bypasses); (4) other arterial procedures (lum- 
bar sympathectomies, arterial and graft thrombecto- 
mies); (5) balloon angioplasties; and (6) amputa- 
tions. Major amputations encompassed above-knee, 
below-knee, and complete forefoot operations, and 
minor amputations included digital and ray proce- 
dures. 
Multiple procedures. Because we anticipated 
that many patients would have multiple procedures 
over the study period or over their lifetime, we also 
ascertained the answers to two key questions. First, 
how many amputations were preceded by some type 
of arterial operation or balloon angioplasty proce- 
dure? Second, how many patients who initially un- 
derwent a balloon angioplasty procedure had a sub- 
sequent arterial operation or amputation? 
Statistical methods. Because the main purpose 
of this study was to consider the possible impact of 
arterial surgery and balloon angioplasty on amputa- 
tion, we calculated incidence rates per 100,000 per- 
son-years. Incident cases were defined as persons 
who were residents of Olmsted County, Minn., on 
the date of a procedure. Detailed age-specific and 
gender-specific population figures for 1973 through 
1992 were derived by a linear interpolation of age- 
specific and gender-specific decennial census for 
1970 through 1990. With these denominators, age- 
specific and gender-specific incidence rates for arte- 
rial surgery, balloon angioplasty, and amputation 
were calculated both overall and for 5-year periods 
from 1973 through 1992. Summary rates were ad- 
justed to the (five-year) age distribution of whites in 
the United States in I990 by using the direct 
method. Interval estimates were calculated around 
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Table I. Patient demographics 
n 
Total procedures 1155 
Total patients 449 
Gender mix: men/women 257/192 
57%/43% 
Age (mean years and range) 
Overall 68.7 (27 to 105) 
Arterial surgery 65.6 (30 to 97) 
Angioplasty 70.9 (46 to 92) 
Amputation 72.7 (27 to 105) 
Type of operation 
Elective 87.1% 
Emergent 12.9% 
30-day mortality rate 
Suprainguinal ( ortic) surgery 5.7% 
Infrainguinal (femoropopliteal) surgery 6.2% 
Major amputation 12.5% 
Balloon angioplasty 2.3% 
the point estimates by assuming a Poisson error dis- 
tribution. Secular trends were modeled by using 
Poisson regression. The date the first balloon angio- 
plasty procedure was performed was March 9, 1979. 
Overall survival to death was estimated by the 
Kaplan-Meier method. 
RESULTS 
Between 1973 and 1993, in residents of  Olmsted 
County, Minn., we performed 1155 procedures for 
lower-extremity vascular disease that met the criteria 
of  this study. These procedures were performed in 
449 patients, of whom 257 (57%) were men and 192 
(43%) were women (Table I). Mean age at the time 
of  the initial procedure was 68.7 years (range, 27 to 
105 years). This mean age did not change signifi- 
candy over the study period. Mean age at the time of 
last contact with the patient was 73.3 years (range, 
35 to 105 years). 
Severity o f  ischemia. For patients who under- 
went a first revascularization procedure (surgery or 
angioplasty), non-limb-threatening schemia was the 
indication for intervention i  53%, and limb-threat- 
ening ischemia was present in the remaining 47%. 
This latter group included rest pain in 24% and ulcers 
or gangrene in 23%. To our surprise, the initial indi- 
cations for surgical revascularization versus percuta- 
neous balloon angioplasty did not differ (Table II). 
Patients who underwent supraingninal revasculariza- 
tion were more likely than patients who tmderwent 
infrainguinal reconstruction to have clandication as a 
primary indication for treatment (66% vs 34%; p < 
0.0001). 
Table II. Severity of ischemia before 
first intervention 
Clinical Arterial Balloon 
category* surgery angioplasty 
I. Claudication 54% 45% 
II. Rest pain 23% 31% 
III. Tissue loss 23% 24% 
*Rutherford RB, Flanigan DP, Gupta SK, Johnston KW, Kar- 
mody A, Whittemore AD, et al. Suggested standards for reports 
dealing with lower extremity ischemia. J Vasc Surg 1986;4:80-94. 
Table I I I .  Types of  procedures 
n 
Total procedures 1155 
Total patients 449 
Arterial surgical procedures 
Suprainguinal ( ortoiliac) 323 (44%) 
Infrainguinal (above-knee) 90 (12%) 
Infrainguinal (below-knee) 90 (12%) 
Other (e.g. thrombectomy, embolectomy, 230 (32%) 
sympathectomy) 
Total 733 100% 
Amputations 
Major (below-knee, above-knee, transmetatarsal) 288 79% 
Minor (digital) 75 21% 
Total 363 100% 
Balloon angioplasty 
Iliac 12 (20%) 
Superficial femoral 24 (41%) 
Popliteal-tibial 23 (39%) 
Total 59 (100%) 
Multiple angioplasties 16 (41%) 
Multiple procedures (Surgery, angioplasty, or 331 (74%) 
amputation) 
Subsequent arterial surgery after angioplasty 25% 
Subsequent angioplasty after arterial surgery 0.4% 
Surgery or angioplasty before amputation 
Surgery 32% 
Angioplasty 6% 
Total 38% 
Type of  procedure. Among the total of 1155 
limb procedures, 87.1% were elective and 12.9% 
were emergent (Table III). There were 986 proce- 
dure episodes, with 169 episodes including revascu- 
larization attempts of two limbs concomitantly. 
These procedures included 733 arterial surgical pro- 
cedures, 363 amputations, and 59 percutaneous bal- 
loon angioplasty procedures. 
The 733 surgical procedures to restore or en- 
hance arterial perfusion included 323 suprainguinal, 
90 infrainguinal-supragenicular, 90 infragenicular, 
and 230 other operations. The most common su- 
prainguinal operations were 225 aortofemoral by- 
passes and 51 aortoiliac bypasses (76% of all procedures 
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Table IV. Incidence rates of procedures for lower extremity arterial occlusive disease, 1973 to 1993, 
Olmsted County, Minn. 
Incidence rate 95% 
per 100,000 Standard Confidence 
person -years error interval 
Arterial surgery 
1973-77 71.6 6.1 59.6 to 83.7 
1978-82 77.3 6.1 65.2 to 89.3 
1983-87 109.5 7.0 95.7 to 123.3 
1988-92 93.1 6.1 81.3 to 105.0 
Total 1973-92 89.1 3.2 82.8 to 93.4 
Amputations, major 
1973-77 36.7 4.3 28.2 to 45.2 
1978-82 37.1 4.1 29.0 to 45.2 
1983-87 32.9 3.7 25.5 to 40.2 
1988-92 19.0 2.7 13.7 to 24.3 
Total 1973-92 30.6 1.8 27.0 to 34.2 
Balloon angioplasty 
1978-82 1.4 0.7 0.0 to 3.0 
1983-87 5.0 1.5 2.1 to 8.1 
1988-92 16.9 2.6 11.9 to 22.1 
Total 1973-92 6.6 0.9 4.9 to 8.3 
in this anatomic location). In the infrainguinal-supra- 
genicular location, the most common operation was 
an above-knee f moropopliteal bypass (74% of cas- 
es), followed by profundaplasty in 18 %. Infragenicu- 
lar procedures were a balance of below-knee femo- 
ropopliteal bypasses (53%) and distal tibial or pedal 
bypasses (47%). Among the relatively large number 
of cases (n = 230) classified as "other," the most 
common were graft or arterial thrombectomies (n = 
89, 38%) followed by lumbar sympathectomy (n = 
83, 36%) and local endarterectomies with or without 
patch angioplasty (n = 58, 26%). (Before the in- 
creased use of distal tibial bypasses after 1980, lum- 
bar sympathectomy was used selectively for nondia- 
betic patients with ischemic rest pain, superficial 
ulcers, and an ankle-brachial pressure index greater 
than 0.35.) 
The 363 amputations were divided into two pri- 
mary groups: 288 major (79%) and 75 minor (21%) 
digital procedures. Among these amputations, the 
anatomic level was below-knee in 173 (47%), above- 
knee in 104 (29%), transmetatarsal in 11 (3%), and 
digital in 75 ( 21% ). P atients who underwent suprain - 
guinal revascularizations were more likely to be am- 
putation-free at5 years than those patients who un- 
derwent infrainguinal revascularizations (98% vs 
71%; p = 0.0003). 
The 59 percutaneous balloon angioplasties were 
performed in the following anatomic locations: iliac 
in 12 (20%), superficial femoral in 24 (41%), and 
popliteal-tibial in 23 (39%). Twenty-three patients 
(59%) underwent one PTA, and 16 individuals (41%) 
required multiple PTAs. 
Multiple procedures. During the 20-year study 
period, 331 patients (74%) had multiple lower-ex- 
tremity procedures that included various combina- 
tions of balloon angioplasty, arterial surgery, and 
amputation. Subsequent arterial surgical revascular- 
ization was performed eventually in25% of limbs that 
were treated initially by balloon angioplasty. In con- 
trast, only 0.4% of patients who initially underwent 
surgical revascularization had a subsequent balloon 
angioplasty in the affected extremity. Among the 
limbs that required minor amputations, 26% had 
prior arterial revascularization a d 5% had balloon 
angioplasty. Likewise, major amputations had been 
preceded by arterial surgery in 32% of limbs and 
balloon angioplasty in 6%. In other words, 60% to 
70% of all minor and major amputations were per- 
formed without an attempt at any type ofrevascular- 
ization. However, we emphasize that 93% of patients 
who underwent an amputation had advanced isch- 
emia (grade II or III, rest pain, nonhealing ulcer- 
ation, or gangrene with diffuse pedal ischemia or a 
nonfunctional foot). In 7% of patients, records indi- 
cated that diabetic neuropathy and less severe isch- 
emia (grade I) were present at the time of amputa- 
tion. 
Incidence rates. The age and sex-adjusted inci- 
dence rate (per 100,000 person-years) (Table IV) for 
all arterial procedures (surgery and angioplasty) ex- 
cept amputations peaked at 109.5 in 1985, but had 
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Fig. 1. A, Incidence rates for all arterial procedures ( urgery and angioplasty) except amputa- 
tion, Olmsted County, Minn., 1973 to 1992. B, Incidence rates for age and gender. 
decreased to 93.1 by 1992 (p < 0.001) (Fig. 1, A). s0. 
The age-adjusted rate for men was higher than for 
women (141.9 vs 57.4 per 100,000, respectively) 
® sO- 
(Fig. 1, B). Although the rate for suprainguinal by- ~" 
passes (aortofemoral nd aortoiliac) declined in the 
past 10 years (47.3 to 27.8 per 100,000), the rate for g 40 
infragenicular bypass (below-knee femoropopliteal, o °- 
femorotibial, and pedal) increased significantly be- - o 20, 
tween 1980 (3.7 per 100,000) and 1990 (15.1 per ~. 
100,000; p = 0.0013). Beginning in 1979, the inci- 
dence rate for balloon angioplasty rose remarkably 0 
from 1.4 per 100,000 person-years in 1980 to 17.0 
by 1992 (p < 0.001) (Fig. 2). Since 1973, major 
amputation rates have decreased significantly from 
Men 
,._____q¢-- W°Tn 
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Fig. 2. Incidence rates for all balloon angioplasty proce- 
dures. 
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Fig. 4. All-cause survival of all community residents who 
underwent an initial procedure (surgery, angioplasty, or 
amputation between 1973 and 1992, Olmsted County, 
Minn.). Expected survival (dotted line) and observed sur- 
vival (solid line). 
36.7 per 100,000 person-years to 19.0 by 1992 (p < 
0.001) (Fig. 3). The age-adjusted rate for men was 
again higher than for women (44.4 vs 22.5 per 
100,000, respectively). Over the past 20 years, the 
incidence rate for minor amputations (7.7 per 
100,000 person years) has not changed. 
Survival. Five- and ten-year survival rates for all 
patients in this study were 50.1% (95% confidence 
interval [CI], 45.3 to 54.9) and 26.9% (95% CI, 21.9 
to 31.9), respectively (Fig. 4). When we compared 
survival rates between the earlier decade (1973 to 
82) and the latter decade (1983 to 92), we found 
only a trend for improvement in 5-year survival rates, 
49.6% vs 52.2%, respectively; p = 0.08). Freedom 
from major amputation was significantly better at 5, 
10, and 15 years for nondiabetics (95%, 85%, and 
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76%) than diabetics (87%, 74%, and 59%; p < 0.001) 
(Fig. 5). Additional analysis revealed that patients 
who underwent surgical revascularization before am- 
putation had a better 5-year survival rate than those 
who went directly to amputation (46% vs 27%; p = 
0.001). 
DISCUSSION 
This study reveals three important population- 
based trends in the treatment of lower-extremity 
ischemia caused by atherosclerosis and combined 
with diabetes mellitus in some patients. First, the 
incidence rates for all arterial surgical procedures may 
have reached aplateau around 1985. Second, major 
amputation rates began to decrease dramatically 
about that time. Third, balloon angioplasty rates 
continue to climb. These trends have occurred in a 
setting of medical comorbidity that still limits overall 
survival rates for patients with peripheral atheroscle- 
rosis to 5 and 10-year survival rates of 50% and 27% 
in a geographically defined area where all residents, 
regardless of health, are included in the analysis. 
These remarkably poor late survival rates have not 
improved significantly in 20 years. 
Although most physicians and surgeons have as- 
sumed that modern vascular surgery and balloon 
angioplasty would reduce amputation rates, the liter- 
ature has included conflicting results (Table V). For 
example, a controversial 1991 study from the state of 
Maryland contended that the amputation rate had 
not declined after the introduction of balloon angio- 
plasty. In fact, peripheral bypass urgery rates in that 
Table V. Comparison of incidence rates for 
procedures: Age-adjusted annual rates per 
100,000 person-years 
Arterial Balloon 
bypass surgery angioplasty Amputation 
Current study 93.1 16.9 19.0 
(1988-1992) 
Maryland state 65.0 24.0 32.0 
(1988-1989) 
Denmark (Lindholt et NA NA 30.9 
al.) (1989-1990) 
Denmark (Ebskov et al.) NA NA 25.0 
(1990) 
study population increased espite enthusiasm for 
angioplasty. The Maryland ata base reported higher 
age-adjusted rates for angioplasty and amputation 
compared with the findings of our current study 
(Table VI). By contrast, the surgical bypass rate in 
Maryland was lower than our recent surgical revascu- 
larization rate by a factor of 30% to 40%. Numerous 
critics have challenged the methods and conclusions 
of the Maryland report. In fact, the Maryland study 
was the prime impetus for our current population- 
based project. 
Other studies have corroborated our finding that 
major amputation rate began to decline after 1985. 
They have also noted increasing rates of arterial by- 
pass surgery and balloon angioplasty. Most authors 
have attributed better hmb salvage rates to wider use 
of distal popliteal, tibial, and pedal bypasses and not 
to more angioplasty. TM Rates for distal bypass in 
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Table VI. Comparison of Olmsted County, 
Minn. (1990) to total United 
States population 
Olmsted County U.S. Whites 
Age (years): ->65 10% 12.6% 
Gender: M/F  49%/51% 49%/51% 
Race: White 96% 80% 
Income (mean) $16,214 $14,420 
Education 
High school or more 88.0% 75.2% 
College or more 29.5% 20.3% 
Industry 
Agricultural 2.6 2.7 
Manufacturing 8.4 17.7 
Professions 39.0 23.3 
Public Service 2.4 4.8 
United States data from Melton LJ III. Mayo Clin Proc 1996;71: 
226-74. 
Olmsted County have also tripled in the later years of 
our study, suggesting that they have been a key 
factor in reducing amputation rates. Our study, how- 
ever, found that the indication for angioplasty was 
also frequently limb salvage. Indeed, there was no 
difference in clinical categories ofischemia npatients 
who underwent angioplasty compared with arterial 
surgery. We were also surprised to find that more 
angioplasty procedures were performed for femo- 
ropopliteal-tibial disease than for iliac disease. 
Consequently, we suspect that both surgical by- 
pass and angioplasty procedures may have played 
complementary roles in reducing overall amputation 
rates. We also surmise that it may be necessary to 
push revascularization rates to a certain level (e.g., 
more than 90 per 100,000 person-years) before am- 
putation rates will fall. We concede that other factors 
such as better foot care, risk factor control, and 
management of infections have also contributed to 
improving limb salvage rates and must not be over, 
looked in considering the reduction in amputation 
rates. Because this study was retrospective, ascertain- 
ing the exact impact of these adjunctive factors on 
eventual mputation rates is problematic. 
Several other findings of our current study de- 
serve emphasis. Over a long period of time, the vast 
majority of patients underwent additional proce- 
dures (74%). For example, more than one third of 
patients who underwent balloon angioplasty under- 
went another PTA. Twenty-five percent of patients 
who underwent PTA underwent subsequent arterial 
surgery. Among patients who underwent amputa- 
tion, nearly 40% had prior arterial surgery or angio- 
plasty in an attempt to save the limb. In addition to 
multiplicity of procedures, age had an astounding 
impact on procedural rates. 
Our study and the Maryland database have re- 
vealed alarming rates of amputation among the very 
old (older than 85 years). Compared with overall 
amputation rates of 19 to 30 per 100,000 person- 
years, the very elderly face a rate of 140 per 100,000 
person-years. Their rate for infragenicular bypass, as 
one may suspect, has also been extraordinarily high 
in recent years. With the increasing number and 
percentage ofthe population greater than 80 years of 
age, these utilization rates suggest that difficult deci- 
sions about managing lower-limb ischemia in the 
elderly will only intensify in the future. 
Several limitations of our population-based study 
must be discussed. First, the vast majority of Olmsted 
County residents are white. Consequently, our find- 
ings may not be applicable to other populations. 
Nonetheless, the Olmsted County community has 
essentially the same balance of gender and age over 
65 years as the total United States population (Table 
6). Second, the number of balloon angioplasty pro- 
cedures was small, which may reflect our relative 
conservatism for angioplasty for stable claudication. 
Thus our incidence rates may be underestimated. 
The advanced clinical category and distal anatomic 
site of more than half of our community balloon 
angioplasty patients indicate that limb salvage was 
our primary goal in many angioplasty patients. Third, 
the patients who underwent amputation were a mix- 
ture of individuals with varying combinations ofath- 
erosclerosis or diabetes mellitus. Consequently, one 
must be aware that some of these limbs may have 
been affected more by neuropathic and infectious 
changes than by ischemia (estimated tobe 7% by our 
clinical records of the grade ofischemia). Finally, the 
comparison between revascularization rates and am- 
putation rates is based on grouped ata (ecologic), 
and other factors in the community may contribute 
to the observed association. 
CONCLUSION 
The primary advantages of this study were its 
length (20 years) and its inclusion of all patients in an 
entire community. Consequently, we feel confident 
in the observed trends in arterial surgery, balloon 
angioplasty, and amputation. Although good foot 
care, risk-factor modification, and antibiotics have 
assisted in limb preservation during the time of this 
study, we conclude that increased vascular surgery 
and balloon angioplasty rates have played significant 
roles in the reduction of major amputations in the 
past 10 years. 
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DISCUSSION 
Dr. Jack L. Cronenwett  (Lebanon, N.H.). I would 
like to commend Dr. Hallett and the group from the Mayo 
Clinic for their continued efforts to define the results of 
surgical treatment in population-based studies. The 
present study is large enough to give it validity, but also 
small enough to understand the treatment details, the 
indications, and the risk factors for each patient. This is an 
important balance, and that was not the case in the Mary- 
land study that was mentioned by Dr. Hallett, which was 
really too large and too ill-defined to properly interpret the 
results or even to understand whether an amputation was 
performed on the same side as a previous reconstructive 
procedure. 
This study has clearly demonstrated a substantial de- 
crease in amputation rate over the past 20 years. This 
decrease has also been observed in other developed coun- 
tries, such as Denmark. The interesting question really is 
why this occurred. Like Dr. Hallett, I would like to credit 
arterial surgery for this accomplishment. But to be fair, let's 
examine the possible xplanations for this decreased ampu- 
tation rate. 
First, the characteristics of the patients in this study 
could have changed over time. Could you tell us whether 
the age or the diabetic status, both of which are known 
to influence amputation rate, were constant? Another 
indication of  disease severity is the indication for arterial 
stirgery. I noted that 50% of your operations were per- 
formed for claudication and therefore probably did not 
influence limb salvage rates. Could you tell us whether 
the percentage of operations performed for l imb salvage 
changed over time? 
A second possible xplanation for fewer amputations is 
that relatively more arterial reconstructions were per- 
formed compared with primary amputations during this 
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study. Could you tell'us whether the percentage ofprimary 
amputations changed uring this time period? 
Finally, a third possibility for reduced amputation rates 
is that the surgical results were better when the procedures 
were performed for limb salvage indications. Did you ex- 
amine the limb salvage rates of the operations that you 
performed, and did they change over time? 
In the final analysis, the cause of decreased amputation 
rates is likely multifactorial. On the basis of the incidence 
rates reported in this study, I estimated that arterial surgery 
and angioplasty could have accounted for one half to two 
thirds of the reduced amputation rate. Presumably, better 
medical management and diabetic foot care also have an 
important role. This report has provided new information 
to better understand these interactions. 
Dr. John W, Hallett, Jr. (Rochester, Minn.). The 
mean age at the time of intervention did not increase over 
this 20-year period. There has been no significant change 
in the prevalence of diabetes in this cohort of patients. 
The percentage of patients undergoing surgery for 
limb salvage began to increase as we undertook more distal 
bypasses in the early 1980s. As we entered data for this 
study, we were impressed that the number of patients who 
went to primary amputation before an attempt at revascu- 
larization has also decreased. Limb salvage rates for various 
operations in our community have been analyzed and will 
be the subject of a future procedure-specific manuscript. 
Finally, I think that it is important to emphasize that 
the decrease in community-based amputation rates are 
probably related to increased rates of intervention by by- 
pass surgery and angioplasty. Nonetheless, we cannot ig- 
nore the important impact hat better foot care and man- 
agement of infections has had in the diabetic population. 
Dr. Alun H. Davies London, United Kingdom). 
The results are very impresswc that the amputation rates 
have gone down, but the information that you didn't give 
us was whether there was any change in the ratio of above- 
knee to below-knee amputations? 
Dr. Hallett. Yes. Over time there have been more 
below-knee amputations than above-knee. 
Dr. Mitchell H. Goldman (Knoxville, Tenn.). Did 
you factor out those patients who you might want to 
perform aprimary amputation, say, a nursing home patient 
who is demented and in whom a bypass procedure would 
be inappropriate? 
Dr. Hallett. We did not factor out patients in whom 
revascularization was considered inappropriate. This is an 
important point. As vascular surgeons, we do not see 
every patient in the community who may benefit from a 
limb-salvage procedure or who may need to go directly 
to amputation. Some of these patients are sent directly 
to an orthopedist. We included all patients who under- 
went amputations so that we could get a total view of 
amputation that resulted both from atherosclerosis and 
from diabetes. 
Dr. George H. Meier (Hamden, Conn.). The real 
question from my standpoint is the difference in the proce- 
dure for analyzing the data. The Maryland study was a 
Medicare population-based study, and yours is clearly a 
population-based study in Olmsted County. Did you look 
at your data from Medicare-based patients alone and ana- 
lyze that and look at the differences between that data and 
the data from Maryland? 
Dr. Hallett. We did not separate this out into those 
two groups. But I think that's a good point, and I think we 
can do that with the numbers that we have. 
